This paper discusses the roles of simulation in creativity education and how to apply immersive virtual environments to enhance students' learning experiences in university, through the provision of interactive simulations. An empirical study of a simulated virtual reality was carried out in order to investigate the effectiveness of providing virtual simulation to enrich students' learning experiences. The researchers found that virtual reality can possibly enhance students' learning experiences by providing them with a heuristic and highly interactive simulated virtual environment. Being explorative and fun are essential parts of students' learning experiences in virtual reality. This paper suggests that educators create stimulated virtual learning environments, for example game-like environments, to help students develop positive learning behaviors in the learning process.
Using simulation in education
This research attempted to study the use of simulation to enrich students' learning experiences for creativity education. It focused on computer simulation. An underlying assumption, based on the discussion in the following paragraphs, was that a simulated learning environment works as a factor in developing students' creativity. Sherman and Craig (2003) gave a brief definition of virtual reality: it represents as a computer-simulated stage where users are enabled to interact with the environment through their agents (i.e. avatars) in virtual space. The four critical elements in experiencing virtual reality have also been defined: (1) a virtual world/space; (2) immersion; (3) sensory feedback; and (4) interactivity (Sherman & Craig, 2003) . A simple definition of computer simulation is ''a computer-generated version of realworld objects and processes in text-driven formats, 2-D presentation or 3-D multimedia formats'' (Strangman & Hall, 2003) . Shanken (2007) defined simulation as a representation of the originals with shared attributes; a simulation of real-world conditions to provide participants with not only virtual environments, but also the social systems and their shared attributes. Therefore, the context for a simulation should be real enough to facilitate participants to collect, retrieve and transfer information to real-world practice (Thorsen, 2006) .
In view of using simulation in academic research and education, early researchers (e.g. Lave & Wenger, 1991) expressed the belief that virtual reality gives students a chance to learn within a simulation of real-world practices. This learning experience makes students' learning more meaningful and effective. In subsequent years, researchers have looked at how to apply educational simulations to developing educational theories and practices, for example using role-playing as a simulation (e.g. Stoerger, 2008) , using stories as a basis for simulation (e.g. Schank, 1995) and using simulations as a pedagogical method (e.g. Johnson & Levine, 2008) .
Some researchers (e.g. Wagner, 2008) have taken a positive view of simulated environments. For example, some (e.g. Winn, 2002) have suggested that computergenerated simulations can be used as a learning guide for students to interact and tackle ill-structured problems. Strangman and Hall (2003) stated that simulations created by virtual reality technologies are able to provide a unique experience to students as well as helping them to explore a broad range of objects, environments and phenomena in cyberspace. Reilly (2008) stated that some simulated virtual environments, for example virtual laboratories, have potential to facilitate students' deep learning experiences. Blascovich and Bailenson (2006) listed two possible advantages of applying immersive virtual reality technology in simulation-based educational research: (1) the facilitation of exact replications of research in the behavioral sciences and social psychology, and (2) the provision of a research platform for some research that was previously impossible or extremely difficult to control and arrange, for instance making it possible for participants to change their social identity, sex, race and ethnicity for the research. Wagner (2008) stated that the simulated virtual environment is able to shift students' learning behaviors. Likewise, Omale, Hung, Luetkehans, and Cooke-Plagwitz (2009) believed that simulated virtual space could enhance students' overall learning experiences. Current research (e.g. Shen, Ong, & Nee, 2010) also suggested that the application of augmented reality facilitates collaborative educational activities. Based on the above discussion, simulated virtual environments are potentially useful for enhancing students' learning experiences.
Developing immersive virtual environment for students
One of the advantages of using a simulated virtual environment is that it provides students with a sense of immersion. Various researchers have focused on immersion in virtual reality. Some (e.g. Johnson & Levine, 2008; Stoerger, 2008) have suggested that immersive virtual reality has the potential to be a learning environment. Others (e.g. Barab, Thomas, Dodge, Carteaux, & Hakan, 2005) underlined that an immersive virtual environment could provide students with playful learning experiences and active learning processes, and that this playful virtual environment is able to motivate students in their learning processes (e.g. Squire, 2005) . The immersive experience in virtual space could be used to carry out any educational activities effectively (Johnson & Levine, 2008) . However, what is immersion, and how can it be applied to enhance students' learning experiences? Immersion can be explained as an intense feeling of self-location within the virtual environment (e.g. Adams, 2004) . In other words, participants perceive themselves as existing within the immersive virtual environment psychologically (Blascovich & Bailenson, 2006) . Blascovich and Bailenson (2006) took a phenomenological perspective to define the immersive virtual environment, explaining that this environment should be established on the basis of organized information, which is organized through the combination of diverse sensory channels such as vision, audition, touch, olfaction and taste. Blascovich and Bailenson (2006) also elaborated that the participants who are situated within this immersive environment should not be able to be aware of, or consciously understand, where the organized information comes from. The level of immersion within the virtual environment is determined by the interactivity among participants, sensory information and the environment, and this level of immersion is essential to understanding participants' virtual experiences (Blascovich & Bailenson, 2006) . In of the field of education, some attempts (e.g. Bilda, Edmonds, & Candy, 2008) tried to enhance students' interactive experiences in virtual platforms in order to facilitate their creativity. The virtual platform is indeed an interactive forum and/ or society (Koster, 2007) .
In view of using immersive environments in education, the context, application and practice of immersive learning approach can be traced back to the earliest days of civilization. For example, the apprenticeship is a long-used educational approach to immerse students in a rich learning environment (Johnson & Levine, 2008) . According to Johnson and Levine, some approaches, like role-playing scenarios, case studies and simulation learning, are very important tools for conducting immersive learning approaches. When it comes to creating immersive learning experiences in virtual reality, the first problem is that it is very difficult to make connections between learning and application in virtual reality, particularly in relation to immersion. Johnson and Levine (2008) argued that using immersive experiences in virtual reality not only reduces the cost and makes the training process secure, but also allows for the application of attributes such as scale, texture and sound in the virtual environments to design new sorts of learning approaches. Nonetheless, researchers (e.g. Johnson and Levine, 2008) have expressed the belief that an immersive experience in virtual reality is effective and efficient in helping students to have better learning experiences during the learning process. More specifically, some researchers (e.g. Green & Bavelier, 2003; Stoerger, 2008) have found that the virtual immersive experience helped students to interact with spatial and visual representations, which might thus improve their learning performance. Other researchers (e.g. Wagner, 2008) stated that the multisensory cues within an immersive virtual environment could potentially deepen students' learning. Indeed, any features of virtual environment potentially influence students' learning processes, experiences and outcomes.
The current trend of developing immersive virtual environment for learners
The current trend in developing virtual technologies for learning is the 3-D multiuser Virtual Environments (3-D MUVEs), which focus on promoting social presence and collaborative community (e.g. Berge, 2008) . The 3-D MUVEs are indeed a networked virtual reality which promotes social interaction by providing highly collaborative, immersive learning environments (Jones, Morales & Knezek, 2005) . Researchers (e.g. Jones, Morales, & Knezek, 2005) have highlighted that 3-D MUVEs have inherently embedded some interesting learning approaches, namely role-playing games, computer games and multi-user virtual communications as well as a virtual environment. In this case, the use of immersive virtual reality seems to have promise in enhancing students' learning experiences as discussed above, in particular to support active and playful learning processes (Johnson & Levine, 2008) . Recent research on the virtual learning experience (e.g. Wagner, 2008) has found that students presented interesting work and demonstrated considerable learning which went beyond their instructors' expectations. However, some counter research (e.g. Lim, Nonis, & Hedberg, 2006) criticized the immersive virtual reality for failing to enhance students' learning because they were distracted during the online learning process. One of the reasons for this is that students may be too excited when exploring the virtual space (Lim et al., 2006) . Of course some students might also find it difficult to work in a virtual world because of its complexity and technological challenges. Therefore, current researchers (e.g. Omale et al., 2009) have called for further studies of virtual reality in order to enhance students' overall learning experiences. Johnson and Levine (2008) reminded educators that virtual learning experiences should be designed by someone who comprehends and appreciates the virtual platforms.
The development of immersive virtual environments can be traced back to the early 1970s, when programmers developed the multi user domains (MUDs) and the MUD object oriented (MOO), which were the original types of real-time discussion groups over computer networks, using some software like Mosaic. In fact, some popular computer games have been transformed from MUDs games to provide players with immersive virtual experiences. Some examples of these are The Oregon Trail (http://www.isu.edu), the Quest Atlantis (http://atlantis.crlt.indiana.edu) and ActiveWorlds (http://www.activeworlds.com). Quest Atlantis and ActiveWorlds are two of the popular educational and entertaining virtual environments suitable for any educational approaches (e.g. Qian, 2008) .
In recent years, the immersive virtual environment has become one of the key concepts in developing virtual platforms. One of the popular online virtual platforms is called ''SecondLife'' (SecondLife, 2005) . The concept of an immersive virtual environment refers to a kind of advanced immersive virtual reality which not only helps participants to feel that they are there, but also to feel like having another life with an exclusive appearance, identity, personality and lifestyle. Turkle (1995) explained that the computer has created an immersive virtual environment for users by reconstructing their identities virtually. This is because users actually ''exist'' in these online chat environments by using their avatars. Avatars in immersive virtual reality are a crucial vehicle for various interactions and communications among participants. As Koster (2007) stated, avatars are the representations of actual people in a digital platform, since their appearances, actions, and emotional displays can be considered to be as valid as actual human behaviors in other situations. In the field of education, some examples of using SecondLife (the platform) in university have included the MSc course in clinical management at the Coventry University and MSc in e-learning course at the University of Edinburgh. Moreover, the New Media Consortium (NMC) designed and constructed the NMC campus in SecondLife in 2006 (http://sl.nmc.org). This project offered a wide variety of experiences and events to participants in order to facilitate their operations and navigations within the space (Johnson and Levine, 2008) . In addition to university education, many companies, including Sony and Time Warner, BigFish Games, Microsoft, Benchmark Capital, Vickers Financial Group and Trinity Ventures, have invested in SecondLife and other similar virtual worlds recently to develop customer-service training and team-building exercises (Tampone, 2008) .
In addition, one of the key concepts in utilizing an immersive simulated virtual environment during the learning process is the idea of Frames of Reference (FORs). This uses spatial metaphors to enhance the meaningfulness of data in order to offer participants some qualitative insights (Erickson, 1993) . Current research (e.g. Bernatchez & Robert, 2007) has found that FORs have a significant impact on user experiences in virtual reality. All in all, deliberately designing the learning environment in virtual space is crucial to enhancing students' learning experiences.
Interactivity and communication in virtual reality
It appears that one of the powerful features of virtual reality is the creation of a highly photorealistic environment which can possibly provide real-world simulation for enhancing students' learning experiences. Morton Heilig presented a multisensorial simulator called ''Sensorama'' in 1962. This prototype simulated a realworld experience of motorcycling through New York City. This simulator produced fan-generated wind, smells and noises of the city. It was the first virtual reality system in modern human history. Initially, the development of the Distributed Interactive Simulation (DIS) in the virtual world was mainly for military purposes. The Government of the United States has been using highly immersive simulators to teach soldiers to operate military helicopters, flights and tanks since the 1970s. Because of the highly photorealistic presentation of DIS, it can help soldiers to become immersed in the three-dimensional spaces easily. This system has been used in projects like the training of ship handling skills (Lochlan, 1997) , soldier training (Goldberg & Knerr, 1997) , and flight training (Hue, Delannoy, & Berland, 1997) . As the virtual reality technologies have become more popular and cheaper, the use of virtual simulation for educational purposes has shifted from the kinds of programs used in traditional vehicle or military training programs to providing more structural tasks in virtual environments (Standsfield, Shawver, & Sobel, 1998) , for example, the VR-based training of shipboard firefighting developed by Tate, Silbert, and King (1997) and Johnson, Rickel, Stiles, and Munro's (1998) VR system for training equipment operation. Many researchers (e.g. DeNardo & Pyzdrowski, 1994) have underlined the advantages of using computer-assisted instruction as a part of students' learning experiences. In particular, Winn (1993) reported that the use of virtual reality has created better learning experiences. Other notable research projects are the Narrative-based, Immersive, Collaborative Environments (NICE) project, which was launched as the first immersive, multi-user learning environment for teaching the relationships between plant growth, sunlight and water (Roussos et al., 1999) ; and the Project Atlanta Virtual Zoo, which was designed to teach university students about habitat design. This system emphasized fostering students' understanding of the abstract concepts of designing habitat environments and decision-making skills (Mantovani, 2001) . The computer-simulated learning environment became the most prevailing focus for applying immersive virtual technologies in education. For example, an immersive educational environment for teaching and learning Japanese languages, called ''Zengo Sayu'', was developed by researchers at the Human Interface Technology Laboratory of the University of Washington (Rose & Billinghurst, 1995) . Other examples are TerraQuest's Virtual Galapagos (http://www.terraquest.com/galapagos), used to teach the ecology, history and geology of the Galapagos Islands, and the Virtual Reality Skeleton Project for teaching and learning the anatomy of the human skull (http:// www.lib.uiowa.edu/commons/skullvr/background.html). In university education, researchers at the George Mason University and the University of Houston developed two virtual reality systems named ''NewtonWorld'' and ''MaxwellWorld'' to teach abstract physics concepts (Dede, Salzman, & Loftin, 1996) .
However, the question arises as to whether these research projects are really using computer simulation to enhance learners' learning experiences and effectiveness. Is it the core concern of computer simulation use in creativity education to just use a virtual environment to simulate a real-world situation? Lotens and Riemersma (1997) defined the difference between conventional technology in education and virtual environment technology in education as the level of interaction. Simulation takes many forms, from computer renderings of 3-D objects and environments to computer-simulated virtual realities with high levels of interactivity (Strangman & Hall, 2003) . Simulation is a method of presenting reality with all of its physical and social system interactions; indeed it is a model of a system (e.g. Horn, 1997) . This idea was also supported by Sastry and Boyd (1998) , who stated that the level of interactivity that users experience within a simulated environment is more important than the richness and faithfulness of available images to create a feeling of presence. Kaser (1996) conducted a study of students' attitudes towards the use of computerassisted simulation as a part of the learning experience. Their results showed no significant differences based on instructional strategy. It is not enough to merely provide an environment in order to create a computer simulation. Interactivity and communication among participants are the key factors of a simulated learning environment.
Research design
This research attempted to deepen understanding about students' learning experiences in undertaking creative exercises in an immersive virtual reality. The major focus area was to investigate students' learning experiences in virtual reality, in particular simulation. An underlying assumption was that a simulated learning environment works as a factor in developing students' creativity. The researchers believe, according to the discussion in previous sections, that virtual reality can possibly enhance students' learning experiences by providing them with a heuristic and highly interactive simulated virtual environment.
An interpretive approach was taken to analyze the students' learning experiences in virtual reality. The research is implemented in the ActiveWorld , and the researchers observed students' multimodal interactions (by observing their avatars) in order to collect data in the areas of: (1) student-environment interaction (including the virtual spaces and virtual objects); (2) students' simulated emotional displays during the creative learning process (including the behavior system of avatars); and (3) peer interaction among students (including text-based communication). A group of eight students was selected, using purposive sampling, to participate in this phase. The researchers adopted the role of complete observer (Gold, 1958) , drawing on his own long-term professional experiences in conducting and coaching creativity and design-thinking lessons. The Conversation Analysis (Psathas, 1995) , Textual Analysis (Adolphs, 2006; Hughes, 2007) and a modified version of Norris' (2004) Multimodal Interactional Analysis were employed to analyze the participants' conversations and multimodal actions in virtual communication. The reason for using Multimodal Interactional Analysis was that it moves beyond the traditional discourse analysis which only focuses on spoken language. This method examines the interplay of broader communicative modes that work together with language use.
An empirical study of simulated virtual reality in education
The study was conducted using ActiveWorld (AWs), which is one of the popular simulated virtual platforms for educational purposes (see Figure 1 ). Since the focus of the research was to understand the students' learning processes and how they react to the simulated virtual environment, their learning processes were classified into five different genres: (1) social gathering -participants are doing social gathering activities, for instance, saying hello and meeting group mates. This genre of discussion is usually at the beginning and the end of the lesson; (2) briefing and brainstorming -participants are trying to understand the brief of the design task and doing brainstorming exercises, namely idea exploration and development. This genre of discussion is mainly for creative thinking and exploration; (3) critique of the explored ideas -participants are evaluating and criticizing the explored ideas with other participants. For instance, they are discussing the possibilities of carrying out the explored ideas. This genre of discussion is mainly for critical thinking and evaluation; (4) evaluation of the working process -participants are evaluating and criticizing the working and thinking process. For instance, they are discussing the working schedule and the criteria of the project. This genre of discussion is mainly for reflecting the participants' independent learning abilities; and (5) scoring ideas and discussion -participants are criticizing and scoring the explored ideas into different levels. In other words, they are scoring their ideas for seeking a creative solution. This genre of discussion is mainly for critical thinking and judgement.
As Table 1 shows, during the observed 1 hour and 14 minutes (74 minutes), there were 6.1 of the eight participants engaged in discussion per unit. This was 15.3 per unit, which was equal to a total number of 565 dialogues for 74 minutes. Considering that the virtual communication was conducted in textual format, this suggests a higher rate of information exchange during the learning process, since the Genre 2 -Briefing and brainstorming Genre 3 -Critique of the explored ideas Genre 4 -Evaluation of the working process Genre 5 -Scoring ideas and discussion participants had to type texts and wait for responses one-by-one, which is very different from the quick verbal conversations of the real world. The data indicate that the participants spent most of their time on briefing, brainstorming and scoring their ideas. They spent 83.8% of their time on the creative learning task. Only 16.2% of the total duration was spent in social interactions. In this case, the entire working process was effective and well structured without the teacher's supervision. The participants demonstrated a high quality of organizational skills during the process. However, they tended to use textual-based dialogues as the core means of communication. Comparisons of the usage of textual-based communication and default emotion displays (something similar to emotion icon but in the format of animation) indicated that the students mainly used textual-based communication when discussing some ideas seriously. Only a few emotional gestures were employed to express their opinions and feelings. However, they did use more default emotional displays in the later stage of the research, because they were more familiar with the ways of expressing their feelings and comments by using the avatar's gestures. Nonetheless, their ways of using the avatar's gestures (emotional displays) were not often related to the subject of conversation. This implies that they were exploring the methods of using avatars, or just felt interested to use them, instead of actually using these emotional displays for expression and communication, according to the principle that an immersive virtual environment needs to make participants perceive themselves to be exciting within it (Blascovich & Bailenson, 2006) . In this case, the selected avatars and default emotion displays failed to work as the participants' virtual presentations in the computer-simulated environment, since these functions were not enough, by far, to replace real-world communication. Unlike when using the chat-room system in MSN, the participants had difficulties with AWs, particularly in handling different forms of communication at once. In the postlesson online interviews, they pointed out some system problems with the textualbased chat room. They experienced difficulties in communicating with more than three people at the same time by using typing. Unlike the MSN chat room, which they described as one of their favorite and most familiar chat systems, the input texts in AWs will not change colour, hence it is difficult to identify who is speaking. Additionally, the researchers observed an interesting learning experience that occurred while the participants were discussing ideas in the virtual reality (see Figure 2 ). They tried to form a ''physical'' circle for any kind of discussion with a social distance (Norris, 2004) .
This means that these avatars were trying to simulate the real-world situation of keeping certain physical distance among them. Actually, it is not necessary for participants to form a ''physical'' circle in virtual reality for discussion. It is indeed useless for textual-based communication. In addition, no two avatars are situated within an intimate or personal distance throughout the entire process. Based on this situation, it may be assumed that the participants tried to imitate the actual situation of discussing in the real world as well as protecting themselves by creating a certain distance from the others. The participants treated the computer-simulated environment as a real world. However, this finding is insufficient to support the study of interpersonal distance between avatars in virtual reality. Further investigations are needed (Yee, Bailenson, Urbanek, Chang, & Merget, 2007) . A similar case of imitation can also be found in Genre 4, when the participants were evaluating their working progress. They actually went to and looked at the provided notice boards, seeking information, instead of using the web browser for the same purpose. This implies that, to a large degree, the participants perceived themselves to be partially inside the simulated environment. When this attitude is compared with the textual-based communication, it is reasonable to assume that the virtual reality creates a sense of immersion that can enhance students' learning experiences through the application of simulation, high levels of interactivity and multimodal communication channels in this learning environment. Immersion is indeed an intense feeling of self-location within the computer-simulated reality (Cronin, 1997) .
7. Stimulating students' learning experiences in an immersive virtual reality Laurel (1993) cautioned that it is not enough to create only inactive fantasy machinery, since the virtual reality environment has the potential to offer a platform for exercising individuals' imaginations and judgment. Rheingold (1992) agreed that virtual reality is able to stimulate individuals to rethink and redefine the underlying concepts of identity, community and reality. Rheingold also claimed that an appropriate employment of virtual reality can trigger individuals' understandings of the past as well as predicting the future. Krueger (1991) highlighted the importance of the behavioral, psychological and social aspects of virtual reality at a time when everyone was focusing only on the technological development. Krueger (1977) described the concept that the response is the medium, referring to the unfamiliar sense of reality in cyberspace. In other words, virtual reality provides stimulation, instead of simulation, to individuals by removing their habitual thinking and creating a new perceptual mental model in their minds (Rheingold, 1992) . Recently, there has been a sizeable body of research studying the effectiveness of virtual learning environments as well as computer simulations in diverse educational practices (Strangman & Hall, 2003) . The use of virtual reality extends to impossible physical reality, for instance traveling around Mars or visiting a castle in the Middle Ages, like a time machine (Mantovani, 2001) . Similarly, the use of virtual reality has broadened the scope from teaching simple tasks to complex skills. However, the use of advanced technology does not improve education automatically (Osberg, 1992) ; educators need to explore appropriate and innovative ways to make the technology useful. Osberg (1992) suggested that educators should pay more attention to the needs of learners instead of the technology. His idea was to use technology to empower the learner through some interesting learning environments, teaching materials, and processes. Likewise, Rodriguez (2001) suggested that educators study the learning process in virtual reality. He expressed the belief that the more senses involved in a learning process, the better will be the learning experiences. While Jung (2002) , based on his research on students' experience in learning language in virtual reality, cautioned that virtual reality cannot replace the experiences of the real world because it is unable to reproduce the culture and feelings that the students experience in the social world, he claimed that what it can do is to create experiences that help students understand places, people, language and processes in a better way.
In this research, the participants were excited about doing the creative exercise in virtual reality; therefore they performed many default gestures without any reasons for doing so. It was evident that the participants were curious and explorative in the virtual reality environment; they tried to explore any new function inside the system. The researchers were impressed by one of their explorations, which was flying in the virtual reality. The flying function is not provided by the system as a default function (see Figure 3) .
It is actually a system error inside this virtual platform. The participants made use of this error and played with this function during the process. This unusual situation created an environmental stimulation to the students, and they felt free and relaxed by flying over the virtual space. In another example, the participants spent time figuring out what a virtual lemon is in virtual reality. They found this to be a pitfall of the designed creative task, which asked them to deal with a lemon juicer in the virtual world. Additionally, the students enjoyed the open area in the virtual reality. 
Conclusion
In conclusion, based on the findings of the research, being explorative and fun were essential parts of the students' learning experience in the virtual reality in this research. In fact, earlier researchers (e.g. Hallman, 1967; Osborn, 1948) have stated that creativity is profound fun. Therefore, making fun and interesting, but also challenging, tasks could be one effective method to release students' creative potential. Fun is also an essential driving force for being explorative in creativity education. These two learning attitudes are indeed very important to enhance students' learning experiences. During the lesson in the simulated virtual reality, the students enjoyed their learning experiences, and they agreed that the platform helped them to relax and to feel free to suggest, explore and evaluate ideas.
The researchers' prior research (Lau, 2009 (Lau, , 2010 (Lau, , 2011 indicated that students in Hong Kong are more conservative and quiet during group creative learning excises in the physical classroom. Therefore, the findings from the multimodal analysis have provided a new direction for applying virtual reality in creativity education. The advantage of using a virtual reality to enhance students' learning experiences is not only about creating computer simulations for them to tackle real-world situations, but also creating unusual environmental stimulation to motivate them to explore new ideas. Furthermore, the game-like environments could help students to develop positive learning behaviors in the learning process, because these environments make the learning process fun. After all, virtual reality cannot, or should not, replace realworld experiences, particularly in education. As Jung (2002) stated, the best way to use virtual reality in learning is to create experiences that help students to understand the learning context better. An effective virtual experience design must be functional and purposeful, thus helping the participants to engage, compel, memorize and enjoy the learning process (McLellan, 2000) . This is because the participants' total experience is the key for success (Seybold, 1998) .
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